Associative growth with Bacillus subtilis was reported by Rice (1949) to stimulate acid production by lactic starters, presumably as a result of protein breakdown by the sporeformer. Hall (1956) found that Bacterium coli (Escherichia coli) stimulated acid production of lactic cultures and believed enzyme action to be involved.
At the Kansas Station an unusual case of rapid coagulation and acid production in milk was found to be due to associative growth of a streptococcus and a proteolytic organism (subsequently identified as a strain of Pseudomonas fluorescens). Preliminary tests showed that cell-free filtrates from milk cultures of the proteolytic organism stimulated acid production by lactic starter cultures. Because of the possible practical use of extracts or enzymes from bacterial sources to increase lactic culture activity, further studies were made of some of the conditions governing the observed stimulation. 
MATERIALS AND METHODS
The procedure used was to measure the titratable acidity produced by lactic starter cultures when filtrates from milk cultures of the strain of P. fluorescens were added under varying conditions.
Propagation of stock culture of P. fluorescens. The culture was carried in litmus milk at 21 C with transfers made at weekly intervals. Reserve cultures were carried on Tryptone glucose yeast agar2 slants held under refrigeration with transfers made at intervals of 2 to 3 months.
Filtrate preparation. The substrate consisted of nonfat milk solids (tested to insure absence of inhibitory substances) reconstituted in distilled water to 9.0 per cent solids. It was dispensed in 50-ml quantities into 250-ml Erlenmeyer flasks and autoclaved for 20 min at 15 lb pressure. The substrate was inoculated from the 21 C milk stock culture of P. fluorescens and incubated at 30 C. Obvious proteolysis occurred in 1 day and progressed with holding. Following preliminary tests on filtrates of cultures incubated 2 days and specific tests on filtrates from cultures incubated 4, 10, or 18 days, all subsequent work was done with filtrates from 10-day cultures. The proteolyzed cultures were Seitz-filtered and filtrates were used within 2 hr of preparation. Periodically, filtrates were streaked on Tryptone glucose yeast agar plates to test for sterility.
Lactic starter cultures. These were regular multiplestrain, mixed type, commercial cultures obtained from supply laboratories. They were propagated in reconstituted nonfat milk solids made to 9.0 per cent solids, transferred weekly, incubated at 21 C, and held refrigerated after coagulation. Fresh cultures in the early stages of coagulation were used as inoculum in testing the effect of the P. fluorescens filtrates on acid development.
Testing acid production. Reconstituted milk (9.0 per cent solids) was dispensed in 100-ml quantities in screwcap dilution bottles and autoclaved for 20 min at 15 lb pressure. After cooling, each 100-ml lot was inoculated with 1 per cent of lactic culture and, except for controls, with the filtrate being tested. Unless otherwise indicated, 1 per cent filtrate was used. After thorough mixing of the prepared milk, 9-ml quantities from each 100-ml lot were dispensed into 6 sterile screw-cap tubes. This provided duplicate tubes of the same sample for testing at three different incubation periods. The tubes were incubated at 21 C and titratable acidities determined at 10, 12, and 14 hr incubation by titrating with 0.1 N NaOH directly into the 9 ml of milk in the tubes. at the 14-hr incubation period with an average increase for the six cultures of 0.13 percentage point or 23 per cent. The average increase in titratable acidity due to added filtrate was statistically significant (0.05 level) at all three incubation periods. Also with each individual culture the increase in acidity was statistically significant (0.05 level) at the 12-and 14-hr incubation periods. There were variations in the degree of stimulation obtained with different lactic cultures with a tendency for increases in acidities to be greatest with the slower cultures. Although data on coagulation are not shown, cultures with filtrates coagulated earlier and at lower acidities than controls. Whereas coagulation in the controls generally occurred in the range of 0.6 to 0.7 per cent titratable acidity, the corresponding values for samples with filtrates ranged from 0.4 to 0.5 per cent acid.
RESULTS

Stimulatory
Effect of age of the culture of P. fluorescens on activity of filtrate. Filtrates from 4-day cultures of P. fluorescens generally had little effect on acid production by the two lactic cultures tested (table 2) . However, with lactic culture B some stimulation was evident at 14 hr incubation. Filtrates from 18-day cultures of P. fluorescens were no more stimulatory than were filtrates from 10-day cultures.
Effect of amount of added filtrate. With two of the four lactic cultures tested, varying the amounts of filtrate added (1, 2, and 3 per cent) did not change the amount of stimulation in acid production (table 3) . With the two other cultures higher titratable acidities were obtained with 2 and 3 per cent added filtrate than with 1 per cent.
Effect of heating filtrates. As a means of determining if the stimulatory effect of the filtrate resulted from enzyme activity, filtrates were heated before use. When filtrates of 10-day-old cultures of P. fluorescens were boiled for 5 min before being added to milk, the amount of stimulation was only slightly less than was obtained with unheated filtrate (table 4) . When filtrates were added to milk, 0, 6, or 12 hr before inoculation with lactic culture. Samples were held at 21 C. On subsequent inoculation and incubation the titratable acidities obtained were essentially the same whether the filtrate was added at the time of inoculation or at 6 or 12 hr previously (table 5) . In a few instances the 12-hr prior incubation period suggested a slight inhibitory effect.
Effect of filtrate on inhibitory action of antibiotics.
Since small amounts of antibiotics in milk inhibit acid production, several trials were made to determine whether the filtrate would counteract such inhibitory effects. Data in table 6 show that some compensatory effect was obtained when milk contained penicillin; the inhibition of acid production caused by 0.1 unit per ml was offset to a considerable degree. However, with lactic culture B, acid production was still less than in controls containing no penicillin and no filtrate. The compensatory effect of the filtrate was very slight when milk contained 0.2 unit per ml penicillin and was nil when 0.4 unit per ml was present. At the latter level, there was essentially no acid development.
When low levels of chlortetracycline (CTC) were added to milk, the filtrate had some compensatory effect (table 7) . The inhibition of acid production by 0.01 ,ug CTC per ml milk was more than offset by added filtrate. Titratable acidities in all cases were higher than the controls containing no CTC and no filtrate. When milk contained 0.02 ,ug per ml, added filtrate did not fully offset the increased inhibitory effect of the CTC. Although some compensatory effect of filtrate was still apparent at the 0.03 ,ug level titratable acidities were low both with and without filtrate. When milk contained 0.05 ,g per ml of CTC, there was essentially no acid development either with or without filtrate. The titratable acidity readings obtained were presumably partly due to autoclaving of the milk. DISCUSSION Because of the recognized role of protein fractions in lactic starter culture development, it is probable that the stimulation in acid production by the P. fluorescens filtrates arose chiefly from protein degradation products present. It is also possible that enzyme activity in the filtrate contributed to greater acid production. The fact that filtrates from 10-day cultures were more stimulatory than filtrates from 4-day cultures might signify that the extent of protein degradation was a factor. However, the longer incubation period conceivably also would yield an increase in enzymes as a result of cell autolysis.
The much reduced stimulation obtained from autoclaved filtrate suggests enzyme activity might have been involved. Such heat treatment would also affect protein complexes and might make previously stimulatory fractions unavailable for cell utilization. That boiling the filtrate reduced stimulation only slightly does not eliminate enzyme activity as a factor since boiled filtrate was still proteolytic. On the other hand, since no increase in stimulation was obtained when filtrate was added prior to inoculation with lactic cultures, it might seem that proteolytic enzyme activity was not a factor. However, the possibility of some type of concurrent action between enzyme and lactic organisms cannot be overlooked. Although attention is directed toward the proteolytic enzyme, some other enzyme system may be involved. Further investigations are underway to determine which fraction(s) of the filtrate is responsible for the lactic culture stimulation. Preliminary results indicate that a minor portion of the stimulation is produced by amino acids but that the major part is caused by an acetone-precipitated fraction having enzyme characteristics. Although no special study was made on flavor development, lactic cultures were checked frequently for flavor and aroma. In most cases cultures containing filtrate did not differ noticeably from the controls except in acidity. However, unclean flavors did appear occasionally. Presumably, proteolytic activity was usually sufficiently inhibited by the acidity of the cultures to control off flavors. In lactic cultures prepared from homogenized milk with added filtrate, no noticeable rancidity developed.
The ability of the filtrate to counteract some of the inhibitory effect on acid production of low levels of penicillin and chlortetracycline in milk is of interest.
The compensatory effect may arise from better nutrition of the lactic starter organisms or through some more direct mechanism. Although antibiotics in milk from cows treated for mastitis have created problems in the cheese industry for years, the situation appears to have been alleviated by the current national program designed to withhold antibiotic residues from milk. Hence possible application of the stimulatory factor to reduce the effect of antibiotics probably would be of little practical importance.
Because of the stimulatory effect on acid production, application of bacterial filtrates or fractions thereof to cheesemaking may have practical possibilities. Studies are being made to determine the effects of filtrates from various species on curd characteristics, flavor, and keeping quality.
PECTOLYTIC ENZYMES IN CUCUAIBER SOFTENING
crease in titratable acidity, using 1 per cent added filtrate was 23 per cent at 14 hr incubation at 21 C. Filtrates from 10-day cultures of P. fluorescens were more effective than filtrates of 4-day cultures. Addition of filtrates to milk 6 or 12 hr prior to inoculation with lactic culture did not increase stimulation. Autoclaving the filtrate greatly reduced stimulation but boiling the filtrate caused only slight reduction in stimulation. The filtrate partially counteracted the inhibitory effect of small amounts of penicillin or chlortetracycline on acid production of lactic cultures. Studies are being continued to identify the stimulatory fraction(s) and to evaluate possible practical applications.
